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ABSTRACT
The solar industry is bourgeoning in the United States, with new developments in photovoltaic research. This emerging field, abetted by government fund-
ing and subsidies, needs the capacity to explore new ideas and expand on existing technologies through facilities that enable and facilitate research and
production. With increased threats of global warming, imminent climate change, and rising oil prices, solar power will be a critical component of America's
future, and will require significant investment in the near term.
To facilitate the solar industry and emerging clean energy technologies, this thesis project proposes an incubator for start-up companies involved with
silicon-based technologies, thin-film technologies, or organic PVs to occupy and invest in. The premise of the program is to provide a series of shared spaces
- wet labs, clean rooms, conference spaces, reception areas, and other communal resources - along with private spaces, including offices, research facilities,
and meeting rooms. The project is both a R&D facility as well as a demonstration laboratory for new technologies. Located 12 miles north of Boston at the
Industr-Plex Superfund site in Woburn, Massachusetts, the design aims to revitalize and environmentally reinvigorate the local area.
Thesis Supervisor: Kent Larson
Title: Principal Research Scientist, Computation
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I. BACKGROUND
The Solar Industry
"Radically increased resource productivity is the cornerstone of natural capitalism because using resources more effectively has three significant
benefits: It slows resource depletion at one end of the value chain, lowers pollution at the other end, and provides a basis to increase employment
with meaningful jobs."
The solar industry is bourgeoning in the United States, with new developments in photovoltaic research. This emerging field, abetted by govern-
ment funding and subsidies, needs the capacity to explore new ideas and expand on existing technologies through facilities that enable and facili-
tate research and production. With increased threats of global warming, imminent climate change, and rising oil prices, solar power will be a critical
component of America's future, and will require significant investment in the near term.
"The cost of solar cells has been dropping for several decades and is expected to continue falling for the indefinite future. With each doubling of
cumulative production, the manufacturing economics of scale drop the price an additional 20 percent."
"The type of innovation changes through time. In the renewables sector, different energy sources have reached maturity at different points, and
there have been different "generations" of innovation within particular renewable energy sources"
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GENERATIONS OF SOLAR TECHNOLOGY
1. Silicon Based Technology
- semi-conductor process
-requires clean rooms for activity
-semi-conductor handling equipment
- uses saws and other machines
- Evergreen Technologies, Marlboro MA
- requires wet room spaces
- uses glasses, metals, and other materials
- lots of heavy equipment and machines
- metalizations; vaccuum process
- Paratronix Inc, Attleboro MA
- printing-like process
- uses plastics and similar materials
- more of a continuous process
- Konarka Technologies, Lowell MA
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2. Thin Film Technology
3. Organic PVs

II. CONTEXT
EPA Superfund Sites
Superfund: "America's unique statutory scheme to use the more draconian elements of tort law to compel private businesses and public entities to
clean up hazardous waste sites" The National Priorities List (NPL) tracts the sites that most seriously threaten public health and the environment.
"The Superfund program is the principal federal effort for cleaning up hazardous waste sites and protecting public health and the environment
from releases of hazardous substances. The Comprehensive Environmental Response, Compensation and Liability Act of 1980 (CERCLA) established
the program, and the Superfund Amendments and Reauthorization Act of 1986 (SARA) amended"
Drawing authority and funds from the Superfund program, the Brownfields Economic Redevelopment Initiative provides funding assistance to
characterize and clean up minimally contaminated sites, often idled or abandoned factories, as a prelude to their redevelopment. Issues include
the Environmental Protection Agency's authority to set up the program and the proper disposition of appropriated funds.
The Superfund program is the principal federal effort for cleaning up inactive hazardous waste sites and protecting public health and the environ-
ment from releases of hazardous substances. "States define brownfield sites in different ways, but they usually echo EPA's definition, encompassing
'urban industrial or commercial facilities that are abandoned or underutilized due, in part, to environmental contamination or fear of contamina-
tion"'
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CERCLA's impetus was the emerging realization that
hazardous waste sites presented great risk to public
health and the environment in all parts of the na-
tion, that state and local governments did not have
the capability to respond, and that existing federal
environmental and disaster relief laws were inade-
quate. "In addition to being responsible for cleanup
costs, polluters also must pay to restore natural
resource damages at Superfund sites... The Agency
for Toxic Substances and Disease Registry assesses
the impact of hazardous substance releases on
public health" CERCLA's purpose is to authorize the
federal government to respond swiftly to hazardous
substance emergencies and protect public health
and the environment by cleaning up the nation's
worst hazardous waste sites.
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III. CASE STUDIES
1. Love Canal. Niagara Falls, New York
2. Times Beach. St. Louis County, Missouri
3. Picillo Farm. Coventry, Rhode Island
1. LOVE CANAL
Niagara Falls, New York
Love Canal, a small community near Niagra Falls, New York, is one of the early examples of a national controversy and environmental notoriety.
Originally designed to be a'model city', Love Canal lost much of its funding, became a dumping site for the city during the 1920's, and later a
chemical waste site during the 1940's. 21,000 tons of toxic waste were buried in the abandoned "Love Canal" between 1942 and 1952, by Hooker
Chemical. The City of Niagra Falls consequently allowed homes and a school to be built on this site, despite awareness of the hazardous materials.
Consequently, a public health emergency was issued; burns, diseases, and birth defects were just some of the ensuing outcomes. "Among its lega-
cies, Love Canal will likely long endure as a national symbol of a failure to exercise a sense of concern for future generations. It was indeed a situa-
tion where the inhabitants of Love Canal "overflowed into the wastes instead of the other way around."
Love Canal is an important case study because of its role with respect to the history of Superfunds and CERCLA (Comprehensive Environmental
Response, Compensation, and Liability Act). The public outcry and devastating repercussions from this environmental disaster helped spur the
national efforts to address toxic contamination of land.
"The Love Canal site in Niagara Falls, New York, first brought the issue to national prominence when the state health commissioner declared a state
of emergency there on August 2, 1987."
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2. TIMES BEACH
St. L<uis County, Missouri
Time Beach was a town outside of St. Louis, MO that was completely evacuated in 1983 because of a dioxin scare that became the subject of na-
tional controversy. The town, founded in 1925, had a dust problem, and in the 1970's the roads were sprayed with oil Loveand later paved. The oil
contained dioxin levels, and later emerged in the 1980's during a devastating flood. The town was subsequently evacuated, and all residents were
forced to abandon their homes due to the imminent threats of the chemicals.
Times Beach is an important case study because of its role with respect to the history of Superfunds and CERCLA (Comprehensive Environmental
Response, Compensation, and Liability Act). The public outcry and devastating repercussions from this environmental disaster helped spur the
national efforts to address toxic contamination of land.
3. PICILLO FARM
Coventry, Rhode Island
The Picillo Pig Farm, in Coventry Rhode Island, was a 100-acre farm that literally exploded in 1977, and became Rhode Island's first official Super-
fund site. The farm had become a dumping site of illegal chemicals during the 1970's, which were later discovered.
1977 when part of the farm exploded into an inferno that was visible for miles around. The brownfield site has since been signed into a project
agreement with AlIco Renewable Energy Group to turn the farm into a $45 million solar energy farm. Plans (as of 2008) include hundreds or 3x5
foot solar panels that would be motorized to face the sun, generating up to 8 megawatts of electricity. This proposal is currently the largest project
planned for east of the Mississippi
aA
IV. SITE: INDUSTRI-PLEX
Woburn, Massachusetts
The Industri-Plex Superfund site, 12 miles northwest of Boston in Woburn, Massachusetts, is an ideal location for this prototypical project. Origi-
nally contaminated by toxic remnants from tanneries in the 19th and 20th centuries, the site offers a prime condition to remediate through careful
design and planning. Conveniently situated at a commuter rail station and minutes away from a major highway (1-93), the proposed site provides
an economically and environmentally viable option for re-appropriation
The Industri-Plex Superfund Site is a former chemical and glue manufacturing facility. Industri-plex was used for manufacturing chemicals such as
lead-arsenic insecticides, acetic acid, and sulfuric acid for local textile, leather, and paper manufacturing industries from 1853 to 1931. Chemicals
manufactured by other industries at the site include phenol, benzene, and toluene. Industri-plex was also used to manufacture glue from raw ani-
mal hide and chrome-tanned hide wastes from 1934 to 1969. The by-products and residues from these industries caused the soils within the site to
become contaminated with elevated levels of metals, such as arsenic, lead and chrome. During the 1970s, the site was developed for industrial use.
Excavations uncovered and mixed industrial by-products and wastes accumulated over 130 years. During this period, residues from animal hide
wastes used in the manufacture of glue were relocated on-site from buried pits to piles near swampy areas on the property. Many of the animal
hide piles and lagoons on-site were leaching toxic metals into the environment. In the 1980's, the site contained streams and ponds, a warehouse
and office buildings, remnant manufacturing buildings, and hide waste deposits buried on the site. Animal hide residues are found on approxi-
mately 20 acres of the site in four different piles. Portions of the animal hide piles sloughed off, causing the release of hydrogen sulfide gases to the
atmosphere and toxic metals to surrounding wetlands. Residences are located within 1,000 feet of the site, and more than 34,000 people live within
3 miles of the site.
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V. PROGRAM ANALYSIS
Solar Industry Incubator
The United States Department of Energy has recently invested significant funding and effort towards the solar industry. It has enacted a series of
initiatives and programs to help support this growing and imperative field. One major agenda is the Photovoltaic Technology Pre-Incubator: in
2008, the DOE announced $17.6 million that would be awarded to six early stage PV developers across the country. This funding is part of the 2009
American Recovery and Reinvestment Act.
"The goals of the project include promoting grid parity for PV technologies, transitioning innovative PV technologies into the prototype stage, and
developing prototype PV concepts with manufacturing costs of less than $1/watt."
Another primary program is the Photovoltaic Technology Incubator project, which preceded the pre-incubator agenda. Both of these initiatives
sponsor and encourage the development of new technologies within the photovoltaic realm. The solar industry is getting bigger, better, and
brighter. On Feb 17, 2009, President Obama signed into law the American Recovery and Reinvestment Act, cementing his support of solar and
other renewable energy sources. Billions of dollars will be invested in funding, tax incentives, loans, and grants to increase the use of solar energy,
support energy efficiency, remove market barriers, and cultivate green jobs
"Up to $500,000 is available to small companies for turning their module-related technologies into prototypes. The Photovoltaic (PV) Technology
Pre-Incubator solicitation, released on Jan. 27, 2009, is open to U.S. small businesses or teams led by a U.S. small business.. .This financial opportu-
nity is administered by DOE's National Renewable Energy Laboratory (NREL)".
Technological innovation is critical to the advance of clean energy technologies. Along with policy mechanisms (such as taxes and subsidies) and
external factors (such as public opinion and oil prices), technological progress will be crucial in order for solar production to become competitive
with other forms of energy. This will require substantial innovation and improvement of current day technologies.
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